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EA Number: 02-021 Date Opencd: 06-5ept-02  Date Closed:

(L SURJECT

Alleged front suspension U-bolt failures (firacture, torque loss, siretching, or confinuous
loosening) m 1998 — 2003 maodel year Volvo Truck North America (VTNA) VN model
tractors.

At the initiation of this investigation, ODI identified six VTNA tractor models identified as
“Day Cab,” 420, 610, 660, and 770 modelz manufactured from 1996 through 2001. VTNA
designated this group of vehicles as the “VN™ Model, VINA also designated VN models
manufrctured from 1996 through 1998 as 1998 model yeur” vehicles.

In May 2003, VTNA advised ODI that VTNA had released six new vehicle model
designations that were identical in the front axle suspension but differed in other sspects of
the vehicle’s desipn.  The following table summarizes that complete list of potentially
affected vehicle models mamafactured over the suspect production period (from indtial
production in 1956 to 2003).

Initial Vehicle Model Successor Model
Desjgmationg {1996-2002) Designations (as of 2003)
Standard or “Day™ Cah 200 X 300
420 430
610 630
660 670
770 780

(2L BASIS

On March 21, 2001, the QOIDA (Owner-Operator Independent Drivers Association) filed a
petiion (DP01-003) requesting the Office of Defects Investigation (ODI) to investigate a
number of alleged defects in certain 1998-2000 heavy truck vehicles manufactured by Volvo
Trucks North America {(VTNA). Front suspension U-bolt integrity {fracture, torque loss,
siretching, or continuous loosening) was one of several OOIDA complaint items identified in
the petition.

Om December 5, 2001, OD] initiated Preliminary Evaluation FE(Q1-042 to investigate fromt
suspension U-bolts after reviewing the complaint information stunmarized in the OOQIDA
petition,



On July 30, 2002, ODI completed a “sister™ investigation, EAQ1-011, of U-bolts installed in
the regr suspensions of VINA VN Model tractors mannfactured between 1996 and 2000
EAD01-011 concluded that the 20nm {approximately 3 / 4”) coarse threaded U-bolts instatled
in the rear suspensions appeared to provide & marginal clamp for the requirements of the rear
suspension application, but that subsequent loosening or breakage did not result in any loss of
control events, EAQ1-011 was closed without a finding of a safety defect

On September 2, 2002, ODI initiated EA(2-021 to mvestigate the front suspension U-bolt
clamp for VTNA VN Models iractors based en two potentially-related crashes and the
possibility that the 1,107 front suspension U-bolt warranty claima (submitted to VTNA as of
Febmary 2002 and provided to ODI in response to ODI's Information Request) might be
indicative that the front sespension U-bols could be an igsue for coneern,

Surmmary of Pexformumes Information gt EA Incephion (September, 2002)

oDl Manufacturer Total
Complaints {*) 11 0 * 11
Crashes 2 {] 2
¥ Injuries 0 0 0
Warranty 0 1107 1107

{*) ODI resumes FECL-042 and DPQE-003.5b list four complaints that describe a
fracture of the front suspension U-bolt and three reports that describe a loosening

condition. The remainmg four reports offer ambiguous complaint descriptions.
The 11 complaint yeparts pravided to ODI did not provide detailed technical information
and/or vehicle service history inforrnation.

The front suspension U-bolts from the two potemtially related crashes were discarded scon
after the alleged crashes. Consequently, ODI was not able to inspect those U-bolts to
determine whether or not they may have contributed to the reported crashes.



(D POFULATION

Following ie a summery (all models combined) of the suspect vehicle population. This
population consists of VINA tractor models designated “Day Cab,” 200, 3040, 420, 430, 610,
630, 560, 770, and 780.

Calendar Year Registered Units {*) |
1956 59
1997 2829
1998 16455
1959 19433
2000 195%6
2001 11646
2002 11898
YTD Sept, 2003 £926
Total 93842

Source: VTNA reported 1996 — 1999 production in an IR response letter to ODI dated
December 8, 2000. VTNA provided ODI with updated productiot volumes for years
2000-2003 on October 1, 2003. (*) “Registered units™ identifies vehicles that have been
registered for warranty {i.c., put into service). “Registered ynits” exchide ynsold
vehicles repiding in plant or dealer inventories.

{4) DESTGN HISTORY AND ISSUES

The front suspensions m VN model tractors are equipped with dowels that maintain the
positioning of the axle, suspension blocks, and springs relative to each other in the front
suspension, Four front suspension U-bolts provide the clamp force that retains the axle,
suspension blocks, and springs into a rigid assembly.

According to VINA, the front suspension components and the characteristics of the T-holt
(physical propertics and installation practices) have remained essentially vnchanged since
their initial production usage in 1996.

The family of U-bolts that have been installed it various configurations of the VINA VN
moxdels front suspensions consists of six different U-bolt part numbers. These front
suspension [J-bolts are identical in leg spread, thread specifications @nd material propertics.
They differ from each other only in the lengths of the U-bolt legs.



In February 2002, ODI sent Informetion Requests to peer manufacturers. The responses
indicated that [U-bolis are cormmonly used to retain the front suspension components in line
haul tractors. The front suspension systems used by the peer manufacturers appear to be
similar to the VINA suspension, but vary from each other in individual design details.

Front suspension joint integrity is dependent on a number of component, loading,
arvironment, and maintenance factors. Each of these factors and/or combination of factors

creates opportunities for variability in the joint integrity. In addition o the properties of the
individual components such as U-bolts, the mating flat weshers, tapered plates and nuts, the
integrity of the clamp joirt depends the flatness, surface finish, parallelism, alignment,
coatings and cleanliness of the various individmal components in the suspengicn assembly,
The fiequency and quality of preventive maintenance and the magnitude, direction, and
frequency of the forces imposed on the front suspension joint are additional sources of
variation in clamp joiut integrity.

In addition to the above listed sources of potential variability, the front suspension U-bolts
used by VTNA and peers vary in size, shape, lmgth material properties, and assernbly
practices, Since these variations make peet uumparlsnns of U-bolt performance a potentially
complex, exercise, ODI has not pu:sue:d design comparison, but has ysed the peer information
as reference for warranty rate comparison {Appendix B), comparative mainienance
recommendations, and to add perspective to understanding the specific front suspension U-
balt symptoms (or complainty) that VTNA owners epcounter (as reflected in the warranty
claims}).

Sy METHODOLOGY
In order to determing the character and scope of this issue,

(1) ODI conducted phone interviews with several VINA vehicle owners who had filed
complaints with ODI through OGOIDA. These interviews were intended to obtain a
better understanding of the nature and details of the complzaints directly from
complaining consumers and to determine their maintenance awareness and practices,

{2) ODI sent Information Requests to marmfactirers of peer vehicles to determine what
types of performance issues {(complaints) have been reported with front suspension U-
bolt systems and field experience. ODI found that complaint levels vary among the
mammfacturers; thet all have experienced reporis oflouaming and breakage; and that
problemsg are frequently detected by drivers who perceive noises El-lt:h as “popping” ot
by service technician’s ingpections.



(3) ODM conducted a survey of major fleets at the inception of this investigation in April
2002 and again in June 2003 at the completion of thie investigation. ODI contacted
fleets that operate a large number of VINA VN mode] tractors by both phone and &-
mail o asgess fleet experience with the fromt suspengion U-bolt pexrformance.

Data from fleets is wseful because fleets penerally maintain comprehensive
maintenance records and operate a large number of tractor units in flests that provide
information about & significant and concentrated number of the population under
investigation. Frequently, fleets also operate peer tractorg amd provide some
comparative performance perspectives.

The OD] survay foamd that the large fleet users surveyed have maintenance
procadures or policies for the front suspension U-bolt gysten; that maintenarce
practices vary according to individual fleet preferences; and that fromt suspension U-
bolt problems are negligible, (See Appendix A).

{4) ODI reviewed VTNA warTanty claims to determine the nature of front suspension TJ-
bolt complaints and compared the claim rates to equivalent warranty records from peer
menufacturers. The warranty claim mte for front suspension U-bolts varics
gignificantly from manufacturer to manufacturer, which could be due to design,
mamfacturing, and quality differences but could also be atiributable to unrelatsd
issues such ag differences in the individual compeny’s warranty policies.

(5} ODI conducted on-site inspections of four VTINA. tractors that had been in single
vehicle crashes. ODI selected crash vehicles in which the U-bolts wers foutd
fractured afier the crash. The purpose of the inspections was to determine whether the
U-bolt breakage might have been a factor in the crash.

ODI did not find any evidence thet U-bolts had cansed or conttibuted to amy of the
crashes investigated.



List of Crashes inspected by ODI in which the VTNA Front Suspension U-bolts had been

nost-crash wreckage. All crashes were single vehicle incidents.
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Model Inspection Incident
Year Date Description
1999° 2|7 Cocke ~ |'August 20, | Vehicle departed

Iy 2002 | 4lane divided

S interstaie

i
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highway to left

2 N7943879 | 1999

Beaver, UT

September
18, 2002

Vehicle departed
& four lane

divided ighway
to the left into the
median and rolied
1/4 turm onto its

right side

3 N791735 | 2000

Famfield, TX

Apil 5-10,

Vehicle hanling
ioaded tanker
trailer departed
four lane divided




Appendix C contains copies of ODI inspection reports from Inspections # 1, 2, and 4. The U-
bolts were removed from the vehicle inspected listed i Inspection # 3 and shipped to Packer
Engineering who performed ah examinatiom of the refthoved U-boits and issued a
metalkurgical report on May 22, 2002. Appendix C also contains excerpts from the Packer

Engineering report.
{6} DESCRIPTION OF SYSTEM AND DISCUSSION:

Each front suspension of the 1996-2003 VINA VN model vehicles is equipped with foor
20mm diameter {(approximately 3/47), Grade 10.9 U-bolts. According to VTNA, the
dimensicnal, materyal, and process specifications for the front suspension U-bolt has remnained
gssentially unchanged since VTNA bepan installing this series of 1J-bolts in production
vehicles in 1996.

IS0 898-2 (Table A.1) specifies that Grade 10.9 fasteners should have a nominal tensile
strength of 1000 N/mm? (145,000 psi).

Each of the four U-bolts installed in the front suspension of the subject VTINA tracter has two
right angle benxds that fiem the “1J” shape. Each U-bolt is installed laterally over the shock
ahsorber bracket with one leg of the U-bolt going through the suspension mounting pad bored
into the front axle on the inboard side of the spring assembly and the other lep of the U-boht
installed in a smmilar marmer on the outboard side of the spring assembly. The U-bolt
achizves clamp by tightening nuis that are threaded into the each of the two ends of the 1J-
bolt.



Front Direction
of Yehicle

Source: VITNA Engineering Drawing 8080317 provided to ODI on May 20, 2003
in regponse to an QDI Information Request. QDI has edited the skeich for this
report

Flat washera are installed between the lower face of the front axle suspenzion mounting pads
and the U-bolt retaining nuts in the forwand U-bolt positions. A tapered rectangular plate is
ingtalled between the lower face of the front axle mounting pad and the U-baolt tetaining mste
in the rearward U-bolt positions. Each of the two tapered platez is approxmmately 1-1/2 inches
wide by 6-3/4 inches long and is equipped with two holes.



The following photograph provides a view of an assembled front suspension, axle and U-bolt
retention system.

Photograph of representative VINA “VN Model” Front Suspension Retention System
Passenger side of vehicle viewed from front of vehicle

B Rear of Vehicle

T—I-H.. .

Sheck Ahsorber
Mounting Bracket
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l.caf Springs

| Feont Axle Suspension
: | \'.Iounnn;, Pad

h - I .-. L :| L i PR : : _':.. -
Suuron. CIDI phntngmph of the pasaengr.r slde fmnl suq:e]:ls:un systum of VTHAVIN
4VANCSTHSEN317996 on April 30, 2003, taken at the Ryder facility in Albuquerque, NM.

During operation of the vehicle, axle to suspension U-bolts loosen as U-bolts stretch and as
mneven axle, spring, and shock absorber bracket sexfaces (high spots, paint, and coatings) fret,
wear and seat against each other when exposed to service-induced loads.

QDI has described the alleged defect as “fracture, torque loss, stretching, or continuous
looaening of the drive mxle U-bolts.” To clarify the focus of this inmvestigation, during
operation of the vehicle, a suspension TJ-bolt will stretch elastically in response to clamping
torque that is applied to the mating nut. The U-bolt retuns i original length when the torque
is relaxed if the clamping torque is kept within this elastic mnge. QDI i3 concerned only
ahout incidents in which U-bolts have “stretched”™ plastically and therefore have deformed
ard do not completely retum to their original length when ths tergue is relaxed.
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It is hormal for U-bolts 1o lose some amount of clanp through service-induced loading
especially early in the vehicle life when the suspension parts are “seating.” It is notmal fora
U-bolt to require some tightening to compensate for the decrease in clamp.

Mast heavy muck front suspensions are equipped with four U-bolts --- two on the right side
and two on the left side -— of the axle. In order for the axle positioning to be affected by a
loss in U-boht clamp, both of the U-bolts installed on the same side of the axle must lose their
capability to retain the axle in its intended position in the suspension,

Though specific servicing recommendation details vary among mannfacterers, all major U.S.
marnfacturers recommend that suspension U-bolts be (1) tightened early in the vehicle life
and (2) inspected and/or re-tightened at regular intervals therezfier

If only a single U-bolt is loose or broken, the axle positioning will not be significantly
affected. A more serious condition could develop if a single loose U-bolt condition is not
detected and corrected because the remaining Ul-bolt ingtalled in the same side of the
suspension s then subjected to additional loads since it must compensate for the loss of clamp
formerly contribuied by the first U-bolt. These additional loads will hasten the loosening of
the eecond U-bolt. If the secand U-bolt loosens, stretches or breaks, the suspension’s ability
to retain the axle in its mitended position in the vehicle is compromised. If the axle shifts from
its intended pozition in the suspension, vehicle control may be affected.

The Federal Motor Carrier Safety Administration (FMCSA) requires that, before a driver
drives a metor vehicle, the driver shall be satisfied that the motar vehicle including parts and
accessories is in safe operating condition. Front suspension components are included in the
list of items to be inspected. At the completion of each day's work on each vehicle pperated,
the driver s required to complete a report that covers various parts and accessories. Prior to
driving, the driver is also required to review the last driver vehicle inspection report prepared
on that vehicle.

11



(A SUMMARY OF FINDINGS

ODI’s investigation has deternrined that the following issues are relevant to this investigation:

MAINTENANCE SENSITIVITY

Suspensions require periodic inspection and may require re-tightening periodically due to the
inherent potential for TJ-bolis to loosen as the suspension componends retained by the U-bolt
clamp seut against each other under service-induced loads.

QDI interviews of fleet operators who operate large numbers of VINA tractors indicate that
operators who follow basic maintenance practices do not experience significant 1J-bolt
integrity problems and are able to detect looseness through routine inspection methods or
drver “feel.” Many fleets use simple inspection methods that are focosed on detecting pre-
indicators of looseness (rust, shiny metal, etc.), which indicate that parts are moving (shifting
and chafing) relative to each other.

VTNA asserts that mechanicg that have not followed the recormmended inspection and
tightening maintenance protocols are a major factor for U-bolt performance problems. ODI
hae found evidence to support VINA's position fiom several ODI interviews of ownet
operators (non-fleet) who were unaware of the published maintenance recommendations.

SAFETY ASCHSSMENT PARAMETERS:
EREQUENCY, DETECTABILITY, AND SEVERITY

EREQUENCY

As a part of this investigation, ODI has examined warranty information from both VINA and
peer vehicle manufacturers. ODI] is aware that comparing marmfacturing warrarty rates must
be done with caution gince wamanty conditions (terms) and administration policy may vary
significantly among manufacturers. Certain manufacturers may offer limited warranty, no
warranty, or allow policy payments under special circumstances. The duration of warranty
coverage may also vary among manufacturers and warranty policies may change over time.
Some manufacturers may be rigorous in the application of warrenty policy, whereas others
may be more generous. Some manyfacturers may keep warranty records that reflect denied
claims, whereas others do not. The more important use of the warranty and field complaint
information was to identify vehicle owners whose reported experiences appeared to indicate
that the U-bolt failure event might have posed a possible risk to safety, which enabled ODI to
investigate these events more thoromghly.

12



Appendix B summarjzes the warranty rate analysis. Thiz analysis is not  part of the body of
this report because the information was analyzed early in the investigation and because this
warramnty rate analysis did not offer significant value to the investigation.

RETECTABILITY
. ¥TNA claims that problems with U-bolt integrity arc duc to long term effects of inadequate
inspection and improper maintenance. VTNA also recommends that owners regularly

conduct routine masmtenance, and re-torque when indicated, at 15,000 mile or three-month
intervals.

ODI has found that certain non-fleet users are: unaware and/or frequently fail to perform, the
recommended U-bolt inspection. Several of these owners have supgested that the 15,000
miles inspection interval iz unreasonable,

QD] has also found that many mechanics employ various imspection techniques such as
examining the U-joint areas for “rust runs” or “shiny metal” 2z an indication that paris are
shifting relative to each other or nsing a hammer strike on the saddle bracket to check the
tightness of the U-bolt clamp. It appesrs that these methods are useful to experienced
mechanics to detect indications of loosening U-bolts, but that some operators are less fammliar
with inspection methods and/or what indicaticns might be indicative of a loosening condition

in the suspension.

SEVERITY

OD] has assessed the severity of the safety rizk by examining four ¢rashes in which the front

suspension U-balt had been found fractured after the crash and in which the circumstances of
the crash indicated that there was potential that the front suspension U-bolt may have been a

factor contributing to the crash.

Theu;inspactiunsdidmtpmvidﬁ any evidence that indicated that any of the crashes have
been caused by or associated with front suspension U-bolt Joosening or breakage.

13



(A INDICATIONS OR WARNINGS
B L R BR

Loose or broken front suspension U-bolts are frequently detected through visual inspections
or the driver’s “feel” (sense that a change hag occurred in the vehicle ride quality). Warranty
claims indicate that front suspension U-bolt problems are frequently preceded by some degres
of audible wamings cansed by components shifting under Jload when a looseness condition
has developed.

(D YINAACTIONS

VTNA has implemented an advisory program to inform owner-operators and second-
generation owners about appropriate maintenance for front suspension U-bols, as well as
other aspects of vehicle maintenance. This information will be avajlable on the VINA
website,

(10 CONCLUSIONS

ODM has found that the design configuration of the “subject vehicles™ appears to be
comparable with peet vehicles.

ODI has reviewed 1153 VINA wamanty claims (submitted to VINA as of May, 2003), 40
VINA custoaner call reponts, and investigated four vehicle crashes. ODI selscted these
crashes for further examination becanse the front suspension U-bolis had been found
fractured in the post-cragh wreckage and, therefore, represented a high potential for obtaining
information a3 to whether or not a problem had developed in the front suspension U-bolt
clamp integrity in the crash vehicle prior to the crash. ODI did not find any evidence through
these inspections that indicates that fractured U-bolts caused or contributed to thess vehicle
crashes,

The number of warrmmty claime for front suspension U-bolts provide ODI with a bagia for
concern but the descriptive information contained in the warranty claim reports, infonnation
obtained from interviews with major fleets, and evidence from the crash vehicles, has not
provided any evidence that the front sugpension U-bolts installed in 1998-2003 VINA VN
myxde! tractors have failed to perform as intended.

This mvestigation is closed. The closing of this investigation does not constitute a finding by

NHTRSA that no safety-related defect exists. TheAgencywﬂltakuﬂn‘ﬂlerachmlf
wanranted, in the future.

14
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APPENDIX A

Summsry of Survey Regarding U-bokt Concerns

Among Major Fleet Users of 1998-2003Model Year Tractors
(& EA 01-011)

ODI contacted major fleet users of 1998-2003 VINAVN Models tractors. ODI contacted the
listed fleets in January 2001 during the tnitial phases of this investigation and again in June
2003 at the final phage of this investigation. These surveys have indicated that major fleet
users follow inspection and maimtznance procedures and have not experienced any significant
problems with the front snspengion U-bolts. This sampling reflecis the performance of 85%4

tractors.

Fleet &
Contact

Number & Vintage
of VITNA Tractors

Experience

Summary of Maintenance
Practice & General
Commenis

Roadway Express

1621 Units
(MY 2000 - 2003)

None

Visual ingpection for rust or
vigible defect at 25,000 miles
intervals.

Visual at driver pre-trip
ingpections or noted winle
driving

American
Freightweys

4027 Units
(MY 1598- 2003)

L)

.. TIBVET Seex1
problems nor
breakage on
the front axlc

Driver pre-trip and past trip
inspections. Preventive
Maintenance at 36,000 mile
intervals.

Drivers and technicians
inspect for rust streaks,
movement, shiny metal, eic

that are out of the norm.

Watkins Motor

798 Units
{MY 1998 — 2003)

“mon issue™

Torque checked at initial
preventive maintenance
interval; visual thereafler.

Yellow Freight

2148 Units
(MY 1998 - 2003)

Visual inspection every
15,000 miles; torque wnench
check every 70.000 miles
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Warranty Claim Rate Comparison — VTMA and Peers

AFFENDIX B

Front Suspension U-bolt Warranty Rate (per 100,000 vehicles)

Based on Warranty Data provided in March, 2002

OEM 1994 1997 1998 1999 2000 Total
Yolvo ra [ F] 24.07 29.43 11.15 2041
Intcrnational 40.56 27.37 19.52 1143 £.96 1647
Freightliner 4. 8% 4.80 2.03 3.51 1.66 354
Peterbilt 1.17 1.74 2.43 1.88 3.13 2.16
Mack 2.37 A3 A6 23 72 87

TOTAL 485 10.01 647 3.53 3.14 5.29

Warranty claims were summarized by the model year (vintage) of the vehicle.

Warranty rate was determined by dividing the wiranty claims by the

associated model year of vehicle production regerdless of the mileage or time

n service &t the tirne of the claim.
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APPENDIX C

ODI Inspection Reports of Selected Crash Vehicles
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ODI INSPECTION REPORT

VITNA VIN 4VANDIGH4YN797027

August 20, 2002



INSPECTION REPORT — VOLVO VIN 4VANDIGH4YN797027
Angust 20, 2002

Introduction -

On August 20, 2002, Tom Bowman (ODI), Jim Hague (VRTC), and Thad Gardner
{TRC) inspected a 1999 vintage Volvo Tractor, VIN 4VANDIGH4YN797027,

The purpose of the ingpection was to make a preliminary evaluation of the post-
wreck vehicle to determine whether it appeared likely that a vehicle component
malfunction, especially in the front suspension system, may have contributed to the
gingle vehicle fatal crash that occurred on July 3, 2001 in Cocke County,
Tennessee.

Ba -

In July 2002, an attorney representing the family of an owner operator who was
killed in the crash provided QDI with a series of photographs that were taken on
August 8, 2002 approximately 37 days after the crash. The photographs consisted
of (1) various views of the roadway near or at the scene of the incident as well as
(2) photopgraphs of the tractor and trailer which had been taken at a separate
location after the crash.

Prior to the August 20 inspection, ODI independently obtained a set of
photographs provided by Bridge Terminal Transport, the owner of the trailer. ODI
also independently obtained a set of photographs that were taken immediately
following the July 2 crash from the Tennessee State Police. In preparation for the
vehicle inspection, ODI reviewed the photographs and formed some preliminary
observations that are outlined in Appendix III of this report.

DB Inspection VIMNA
YIN 4V4ND1GEAYNTYT0Z7



Photo | Provided | Date Subject of Photographs Commments
Group | By Photos
Taken
#1 Tennessee | July 2, Vehicle at final resting Photocopies of TSP
State 2001 point taken the day of photographs
Police incident
# 2 Bridge July 3, Vehicle roadway with tire
Transport | 2001 marks, tractor and trailer
at salvape yard, :
#3 Attorney | Aungust8, | {A) Incident Site photos | Photos taken 37 days
2001 after incident; a
number of tire marks
were left by salvage
(B) Vehicle photographs | and road repair
taken after removal from | vehicles, not incident
incident site vehicle
# 4 QDI August 20, | Vehicle and vehicle Photos taken more
2002 components, cspecially | than a year after the
the front axle suspension | incident and after the
corponents post-crash vehicle
had been moved
twice

According to family members, the vehicle had been towed to the site near Dickson,
TN approximately 4 months after the incident and 8 months prior to the August 20,
2002 inspection (i.e. in approximately December, 2001).

Photographs groups # 1 and # 2 are more valuable for evaluating tire fracks, skid

marks, etc. since the photographs in group # 3 had been were taken approximately
37 days after the incident and the original crash-incident vehicle tracks have been
obscured by tire tracks from salvage and road repair equipment.

OD] Inspection VINA
VIN 4V4NDI1 GH4YN797027




Vehicle Condition and Circumstances at August 20, 2002 Inspection -
The vehicle was situated in an open area unprotected from the elements.

Only the tractor had been transported to Dickson. The trailer and cargo container

were not there. The tractor had been moved at least twice after the crash: once to
an interim location near the crash site where it resided for an estimated 4 months

and then to Dickson, TN where it had resided for an estimated 8 months.

Inspection confirmed that the VIN of the inspected vehicle matched the VIN
shown in earlier photographs and identified in the July 2, 2001 police incident
report. The appearance of the vehicle is also consistent with the vehicle that
appears in the carlier-provided photographs,

{Crash Sumimary -

Post incident photographs taken on-site and witness accounts indicate that the
vehicle departed the roadway to the left, through the median, across the oncoming
lanes, and into and through the opposits lane guardrail.

Based on the details of the incident, there are four significant opportunities for the
vehicle to have experienced the damage that was observed:

(1) Departing the road into the median culvert

(2) Striking and penetrating the opposite lane guardrail
(3) Impacting the base of the ravine

(4) During vehicle removal and transportation

Visii to Incident Site, Cocke County -

Fellowing the vehicle inspection, Tom Bowman visited the scene of the cragh. |
Visual ingpection (supported by photographs on file) indicate that shoulder of the
median is sufficiently steep that it would be difficult for an operator to return a
vehicle to its original lane of travel after that vehicle had left the roadway to the
left and entered the downward slope of the median shoulder. Observations from

this inspection are included in Appendix I.
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" Volvo VIN 4V4ND1 GH4YN797027 taken August 20, 2002 (ODI)

The tractor had been pertially overgrown with brush as shown in the above
photograph.
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General Vehicle Damage -

The tractor had been extensively damaged. The front axle was separated from the
vehicle suspension and the engine appeared to have been dislodged from its

mounting.

(1) The left (driver’s side) of the tractor indicated significant darnage:

- the left side of the chassis had been hent inward

- the left rear frame had been bent inward

- the steering gear shaft (internal to the gearbox) which is mounted in the left
side of the vehicle had been bent inward

- the steering shaft (external comnection between the steering gearbox and the
steering wheel) ha d been bent and separated

- the steering gearbox input yoke had been fractured through its bore

- other significant and varied damage was observed but are too numerous to
list '

The left side damage is consistent with a large force applied to the left side of the
vehicle and is consistent with a vehicle rolling on its left side (TSP photographs
taken immediately after the incident show the vehicle resting on its left gide).

(2) The forward right section of the tractor appears to have been displaced
significantly rearward. The right side mounted fuel tanks that are mounted on the
right side of the vehicle behind the front axle had been crushed rearward,

Greater damage to the forward right side of the tractor compared to the left forward
side of the tractor is consistent with a vehicle frontal impact concentrated on the
right side of the vehicle.

General U-bolt Digcussion -

.'Thig report focuses on observations relating to the front suspension U-bolt joint
since ODI has conducted this inspection as part of Engmeering Analysis EA02-021
that is investigating front suspension U-boelts in Volvo tractors.

Four U-bolts are required to secure the front axle suspension to the axle in this

vehicle.
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1-Bolt and Front Axle Inspection -

Inspection of VIN 4VAND1GH4YN797027 found only a portion of a single front
axle U-bolt had remained attached to the post-incident vehicle inspected on August
20, 2002 in the outermost rear left side (driver’s side) front axle mounting hole,
For reporting purposes, this location: is identified as U-bolt position # 2.

Although three of the four U-bolts were missing from the vehicle at the time of
inspection, the damage observed in the front axle spring pad U-bolt bores (koles)
indicated that the missing UU-bolts had been instelled at some point in time, ODIs
inspection of a right side front axle shock absorber bracket, a component in the U-
bolt suspension assembly that had been forwarded to ODI separately as a loose
component, bore withess marks that indicated both nght g1de U-bolts had been

installed at some pomt in time.

The sketch below (Sketch # 1) provides reference for the location of the front axle
suspension mounting bores being described; each of the four U-bolt installation
locations has been numbered in a clockwise direction on the sketch for reference.
Each of the four U-bolts is installed laterally across the pad: one U-bolt is installed
through the forward set of two U-bolt bores and a second U-bolt is installed
through the rearward set of two U-bolt bores for both right and left sides of the
axle.

Using this skeich as reference, the table below the sketch summarizes the nature
and direction of the damage observed at each of the eight front axle U-bolt holes.
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Sketch # 1

— a4 ey reEmr L w7 - R S

Source: ODI mark-up uf_ ArvinMeritor publication, SP-95141

U-Bolt Position | Corresponding | Condition of Front Axle U-bolt bore
in Front Axle | Axle Bearn Holes
Left Rear # 1 - Inner Bore | No apparent damage to the bore
U-bolt
# 2 - Outer Bore | A portion of a broken U-bolt remained in
axle bore. See deseription and
observations below.
Left Forward # 3 - Outer Borc | Material from the front axle bore hed |
U-bolt _ . been displaced in the forward direction |
# 4 - ITmmer Bore | No apparent damage to the bore
Right Forward |# 5 -Inner Bore | No apparent damage to the bore
U-bolt
#6 — Outer Bore | Mijor“lip” of materiat #thn the front.
axe bove rhiftcrinl had m&sﬂuoﬂ in a
direction 45 ‘degrees right 6T formerd ™~
Right Rear #7 Outer Bore | Minar “lip” of material fiom the frest
U-bolt ax¥e bore magerial had been d:splaced ih a
direction 45 degrees riighit of forward
# § Inner Bore No apparent damage
8
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As the table indicates, each of the four front suspension U-belts had left evident
impressions {witness marks) in the front axle bearn that indicates that all four of the
U-bolts had been in position at some time prior to the crash (see shaded cells for
description of witness marks). The nature of the witness mark impressions in and
around the front axle bores indicates that all of the four U-bolis were displaced due
1o a single loading event.

It is not possible to obtain evidence from three of the originally installed four U-
bolts because these U-bolts had been separated from the vehicle and were not
available for inspection. The only U-boelt that remained with the vehicle was a
portion of the U-bolt installed in the rear left position of the front axle identified as
position #2 in the table and sketch above.

This remaining U-bolt was trapped by the weight of the chassis and could be
rotated in the axle bore but not rernoved from the front axle unless the weight of
the chassis was removed from the front axte. The U-bolt fracture face has rusted
due to the year-long exposure to the environment and is unlikely to provide mmich
information regarding the nature of the fracture.

Lifting the chassis would require a tow truck or similar equipment. QDI does not
plan to remove this U-bolt for further inspection since removal of this U-bolt may
be difficult, and possibly dangerous. QDI did not elect to do this because the
inspection conducted on August 20, 2002 in conjunction with other information
has provided adequate information for the investigation. QDI is satisfied that
detailed examination of this U-bolt will not contribute significantly to the
information that has already been obtained through the August 20 inspection and
noted in this report and from photographs that had been provided to ODI from
other sources (identified in the introductory paragraph of this report). ODI
believes that expending additional effort to extract the single remaining U-bolt will
offer 1 represents the family of an owner operator who was killed in the crash
benefit to this investigation.

The following photograph indicates the position of the single (partial) U-Bolt
remaining attached to the front axle. At the time of inspection, the front axle had
been completely separated from the suspension. The front axie U-bolts may have
separated completely or partially during the incident or after the crash. (ODI does

9
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not believe that the U-bolts were cut or altered by the vehicle salvage process
because all four of the front axte U-bolts are shown separated in the on-site post-

crash photograph #14 taken by TSP.)

Rear of Vehicle
Photograph of Left side Front Axle Mounting Pad

The front axle spring mounting pad bore {covered by leaf in upper left corner of
above photograph) had metal displaced in the forward direction of vehicle travel,
If the U-bolt had been loose for any period, the U-bolt bores would have wallowed
into an oval form from the various acceleration, cornering, and braking loads
imposed in the U-bolt suspension joint. The inspected bores appeared to be round

19
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with sharp corners except for the metal that had been displaced in the forward
direction indicating that a single large force had been imposed or the joint in the
direction of the metal displacement.

The direction of the displaced metal in the left forward position # 3 18 consistent
with the left side of the front axle making impact with an object in the straight-
ahead direction while the direction of displaced metal force in the right forward
positions # 6 and # 7 is consiatent with the front axle making impact with an object
in the a right oblique (or 45 degree in to the nght of forward) direction,

The indicated difference in the direction of the load applied to the vehicle left side
compared to the right side indicate that the front suspension was subjected to two
significant frontal forces that occurred from somewhat different angles.

The right-gide bore for the fractured U-bolt is “open”™ and the portion of the U-balt
that had been installed through this bore had been broken off within a thread or two
of the run-out into the U-bolt shank. The fractured piece of the U-bolt was missing
and the right hand side of this U-bolt had been bent at three locations:

(1) a slight bend approximately midway on the shank (unthreaded portion) of
the right side of the U-bolt.

(2) The right angle bend on the fractured leg has been bent open from the
original 90 degree right angle bend to approximately 120 degrees.

{3) The right axle bend on the unfractured leg of the U-bolt has been bent open
from the original 80 degree right angle bend to approximately 150 degrees.

11
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ODI believes that the damage to this U-bolt was most likely caused by the
following event sequence:

{A) A significant lateral force toward the right side of the vehicle cansed
the small bend [identified as (1) above] in the right side leg of the U-

bolt

(B) The lateral force was so significant that it exceeded the ultimate
strength of the U-bolt which then fractured through the right leg. Thﬂ
right leg and retaining nut must have been in place during this
loading to provide a reaction force for this significant tensile force, If
the U-bolt leg or retaining nut were not in place, it is doubtful that the
U-bolt would have been anchored strongly enough to permit a bend
to occur at this mid-point in the U-bolt’s right side leg.

12
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(C) Once the right side U-bolt leg had fractured, the forces continued to
bend the U-bolt out of its original position at locations identified as

.(2) and (3) in the sketch due to the lateral direction of the forces.

The damage and analysis description is consistent with a vehicle rollover onto its
right side.

The mating parts in the U-joint left reasonably clear impressions of the other
mating parts indicating that the U-bolt joint had been tight prior to separation. If
the U-bolt had been lpose, the impression of the mating parts would have a
“smeared” appearance caused by relative movement (fretting) of the front
suspension springs, the front axle beam, shock absorber bracket, spacers, and U-
bolts,

The appearance of unrusted “shiny™ metal caused by parts movement might
normally provide another indication of a loose joint. However, since the front
suspension and U-bolts have been exposed to the elements, ODI has not relied on

this indicator.

Other Observations — Wheel Splash Guard -

The right side plastic splash-guard installed in the rear of the wheel well wasg
completely missing from the vehicle; the left side plastic splash guard was found in
its normal location and did not appear to have been abraded or damaged.

The vehicle path described by wimesses and confirmed by photographs of the
vehicle tire tracks taken at the scene of the crash indicate that the vehicle left the
roadway to the left. If a front suspension failure had been responsible for this
incident, rearward displacement of the left front wheel would be required in order
to be consistent with the details of this incident.

Had the two same-side front axle U-bolts installed in the left side of the vehicle
separated before the incident, ODI would have expected damage to the left wheel
splash guard from the rearwardly-displaced left front tire. The absence of damage
to the left hand splash-guard indicates that the left side of the axle had not been
displaced rearward prior to the incident.

13
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If the two same-side right U-bolts had separated or loosened prior to the incident,
the vehicle would have departed the roadway in the right side direction. A right

hand departure is not consistent with post-incident photograph tire marks or
witness accounts, '

Front Wheel Splash Guard (grooved plastic linet) installed in rear of
left side front wheet cavity. Photo taken facing rearward into wheel cavity

The absence of damage to the left splash-gnard indicates that the left front wheel
had been not been displaced rearward significantly either prior to or during
incident. If the left side front suspension U-joint clamp integrity had separated, or
significantly loosened, the left tire would have made contact and left marks on the
left wheel splash-guard.

14
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Conclusions -

QDI believes that the front suspension U-bolts fractured as a result of the vehicle

- impact and that the front axle U-bolt clamp had not been loose and did not
contribute in any way to events preceding the incident. There is no evidence of
prior loosening or scparation as indicated by the inspected condition of the
available components. Available evidence from the front axle bores indicates the
U-bolts were subjected to a high load event consistent with a frontal impact. There
were no tire marks on the left front splash-guard which might be expected if
rearward displacement of the left side of the front axle had occurred.

15
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Appendix I — Notes from Incident Site, Bowrnan visit, August 20, 2002

Following are observations from ODI (G. T. Bowman) visit to the incident site on
August 20, 2002.

The vehicle was parked and Bowman briefly walked the highway shoulder and
median areas where the incident occurred. The inspection was brief due to the
risks presented by the high-speed traffic in the area. For this reason, no additional
photographs were taken since ODI has many more-relevant photographs on file.

No measurements were taken but some rough visual estimates of the incident
environment were made: the center median is approximately 20 feet wide with
fairly stecp slopes to a depth of approximately three to four feet below the road
surface. (The slopes are best depicted photo group # 1, photos 5-8, provided by the
TSP.

14
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Appendix II - Other components inspected:

Engine ECU. The engine ECU was inspected to evaluate whether the unit could be
removed for the purpose of extracting any retained information regarding the final
vehicle opetations such as whether the operator performed a brake application, the
engine speed at shut-down, etc). Volvo had previously advised that the
information available from the ECU would be limited and that no information
could be extracted if the vmit were cracked or otherwise damaged. Since the engine
ECU had been charred by the engine fire, ODI made no attempt to remove the
from the vehicle.

nor '
'K

Volyo Engine ECU was chatred by vehicle
Rear Suspension U-bolts. The rear suspension U-bolts were checked for tightness
by striking the upper saddle bracket with a mallet. {The mallet was used in lieu of
a torque wrench due to the less-than-ideal field conditions for this inspection.)

None of the four rear axle U-belts indicated a looseness condition as might be
indicated by any movement in the parts or an audible indication of looseness.

17
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Appendix III - Bowman notes following review of photographs

Vehicle came rest on its left side (photo #15); the front axle was found with the
front axie completely separated from the front suspension springs i.e. all of the four
U-bolts had separated, most likely during or after the incident.

Tire tracks indicate departure from the roadway to the left; no tire skid marks
indicative of vehicle braking were evident at the evident. No evidence of rim
marks (possibly indicating a tire failure) on roadway.

TSP Trooper stated that he had searched the incident scene where the vehicle had
left the road and through the median culvert but said he did not find that any parts
had “dropped” from the vehicle.

GTBowman
9/13/(02
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INSPECTION REPORT - VOLVO VIN 4VGTDBRITXH794879
September 18, 2002 - Beaver, Utah

introduction -

On September 18, Tom Bowman (ODI), Jim Hague (VRTC), and Thad Gardner
(TRC) inspected a 1999 vintage Volvo Tractor, VIN 4VGTDBRI7XHT794879.

The purpose of the inspection was to make a preliminary evaluation of the post-
crash vehicle to determine whether it appeared likely that a vehicle component
failure, especially in the front suspension system, may have contributed to the
single vehicle crash that reportedly occurred at southbound Mile Marker 95 on 1-95
(near Beaver, Utah) on April 3, 2002,

This report focuses on observations relating to the front suspension U-bolt clamp
joint since ODI conducted the September 18 inspection as part of Engmccrmg
Analysis EA02-021 that is investigating the performance of front suspension U-
bolts installed in Volvo tractors.

Bac -

On July 30, 2002, an independent Volvo owner-operator sent an ¢-mail to ODI
describing a vehicle that he had observed at Anytime Road Service, 1265 North
300 West in Beaver, Utah. The owner-operator had been aware that ODI was
investigating fromt suspension U-bolts installed in Volvo vehicles and identified
the vehicle and its location to ODI for possible mvestigation value.

QDI contacted the vehicle owner-operator and determined that the owner had
purchased the vehicle new and that the vehicle had accumulated approximately
524,000 miles at the time of the crash. The owner’s insurance company had
determined that the vehicle was 1o be scrapped rather than repaired.

The owner said that he had received some tickets in the past for being overweight
in the front axle GAWR at 12,600 Ibs. {Volvo had previcusly filed a defect notice
with NHTSA that reported that some tractors were built at GAWR that exceeded
the “plated” front axle GAWR rating.)

ODI Inspection VTNA
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Prior to the crash, the driver had left Toronto with the vehicle fully loaded to
79,800 Ibs. He spent the first night in [.aSalle, Ilinois and the second night in Big
Springs, Nebraska. He had planned to spend the third night in Periwan, California,
approximately 87 miles from the incident site. The driver said he had slept for
approximately 10-1/2 hours on the night before the incident and that the weather
was clear and dry. The owner firther said that he had been driving at
approximately 75 MPH in the left hand lane because the left lane provided a better
“ride” than the right lane.

Vehicle Condition and Circumstances st September 18, 2002 Inspection -

The vehicle was situated in an open area unprotected from the elements. The
engine had been removed (and sold) so there was no opportunity to remove the
engine control module for possible data download and analysis. The front axle
had been removed from the vehicle but was located near the tractor. The front end
of the tractor was supported by wood beams where the front axle had been
installed. The trailer was also damaged and was parked in the lot next to the Volvo
tractor.

Crash Summary -

ODI has not requested a police report and has relied on the phone interview of the
yehicle operator for a description of the crash. The driver said that he “felt like he
hit a rut” and that “the vehicle took off to the left.” According to the driver, the

- tractor departed the roadway to the left, went throuph the median area, and rolled
to the right when ascending the median in the direction of the oncoming lang of
traffic.

General Vehicle Damage -

Viewed from the front of the {ractor, the damage was concentrated on the right
forward portion of the tractor. There was comparatively litfle damage to the left
side of the vehicle except for the front axle being detached from the springs at the
U-bolt connection point. The right side of the tractor had been scraped down the
right side of the vehicle body consistent with damage that might be expected when
a tractor rolls onto its right side.
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Rizht Side

Volvo VIN 4VG7DBRITXH794379 taken September 18, 2002 (ODT)

U-Bolt and Front Axle Inspection

Four U-bolis are required to secure the front axle suspension to the axle in this
vehicle. Inspection of VIN 4VG7DBRI7XH794879 found that the major portions
of three front axle U-bolts had remained attached to the post-incident front axle
inspected on September 18, 2002,

All three of the remaining U-bolts were fractured and bent in a very similar pattern:

(1) The three remaining U-bolts all fractured very close to the thread run-out
location into the U-bolt shank of the right leg of the U-bolt

{2) The three remaining U-bolts all exhibited a slight outward bend midway in
the shank (unthreaded portion) of the right leg of the U-bolt.

(3) The three remaining U-bolts all exhibited a slight upward bend in the left
leg of the U-bolt where it makes a right angle transition bend from
horizontal to the vertical left leg.

Similarly appearing damage on these three remaining U-bolts indicates that all of
the U-bolts had experienced loads of approximately equivalent magnitude and

. direction (to the right forward of the vehicle) which resulted in the bends and
fractures observed in the U-bolts.

ODI Inspection VTNA
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_ Front of Vehicie

LR Sie

Photograph showing the front axle and U-bolts from VIN
AVGTDBRI7TXH794879 as found at the Beaver, Utah inspection site,

NHTSA inspectors rotated the U-bolts in place to simulate the
inspector’s estimate of the approximate positioning of the U-bolts
immediately following the crash,

At the time of inspection, the U-bolt installed in the forward left position was
missing from the vehicle although witness marks in the axle mounting pad and
shock abszorber bracket indicated that a U-bolt had been installed at some time. For
purposes of this report, this location is ldermfled as U-bolt position # 3 — 4 (see

sketch below).

All eight of the axle mounting holes (the bottom-most member in the suspension
assembly retained by the U-bolt) and the shock absorber brackets (the topmost
member in the assembly retained by the U-bolt) exhibited witness marks which
indicated that all four front axle U-bolts had been installed at some point in time.

TJ-bolts

Each of the four U-bolts is installed laterally across the pad: one U-bolt is installed
through the forward set of two U-bolt bores and a second U-bolt is installed

ODI Inspectiom VINA
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through the rearward set of two U-bolt bores for both right and left sides of the

axie.

The sketch below identifies each U-bolt installation location by a number that
corresponds to each of the front axle U-bolt mounting bores in a clockwise

direction. The table summarizes the nature and direction of the damage observed
at each of the eight front axle U-bolt bores.
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Source; ODI mark-up of ArvinMeritor publication, SP-95141

U-Boit Position | Comresponding Condition of the U-bolt and Front Axle

in Fromt Axle | Axle Beam Bores | U-bolt bore at the indicated position

Left Rear # 1 - Inmer Bore | The bore is “open”; the small threaded

U-bolt fractured “stub™ end of the U-bolt that
had been instalied through this bore is
misging.

# 2 - Quter Bore | The bent and fractured U-bolt was found

“hanging” in its bore.

Left Forward |#3 - Outer Bore | The bore is “open” — The U-bolt is

TJ-bolt _misging from the axle.

# 4 - Inner Bore

The bore 15 “open™ — the U-bolt is
missing from the axle.
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Right Forward |# 5 - Inner Bore | The bent and fractured U-bolt was foumd
U-bolt “hanging” in its bore.

# 6 — Outer Bore | A scrape observed m the top of the axle
mounting face was likely caused by
forward rotational displacement of the U-
bolt following its fracture. See phoio
below.

Right Rear # 7 Quter Bore The small fractured “stub” end of
U-bolt fractured U-bolt was found in the axle
bore. The “stub™ end indicates the
fracture was caused by a force in the
forward right direction of the vehicle,
See photo below.

# 8 Inner Bore The bent and fractured U-bolt was found
“hanging” in its bore.

The remaining bolts indicated that they had fractured and were not cut as might
have been done to remove the axle from the post-crash vehicle. ODI inspectors
removed the remaining portions of the U-bolts from the axle and shipped them to
VRTC for further examination.

The scrape mark at the forward position on right side forward axle mounting pad
surface (Position # 6) is shown in the following two photographs. This scrape
mark indicates that the fracture face of the right forward U-bolt had been displaced
in the forward direction after the U-bolt fracture. This scrape mark is consistent
with the axle being displaced rearward by a significant force acting on the axle
from the forward direction while the springs and chassis continue in a forward
direction due to their forward momentum,
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Scrape on forward edge of right forward front axle mounting pad — Position # 6

. Frunt Of Vehlcle

. T L

- l'- ,
Rear nf Vehlclc

Rear of :'v’ehicle_ N

f vehlcle

Corrosion in the axle mounting bores can also be seen in these photographs.

Broken U-bolt Stub —

Position # 7

Frnnt nf Vehlcle

'-i

‘Rear of Vehicle
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The broken-off U-bolt stub remained in place in the outboard right side rear
location (Position # 7) of the front axle. The direction of the final fracture appears
to be in the right forward direction of the vehicle, which is consistent with the axle
being subjected to a large rearward force while the upper chassis and Springs
impose a large force on the U-bolt in the forward direction due to their forward
momentum,

If any U-bolts had been loose for a period of operation, the U-bolt bores would
have wallowed into an oval form from the various acceleration, corneriag, and
braking loads imposed in the U-bolt suspension joint. The inspected bores
appeared to be round with sharp corners indicating that the U-bolts had been tight
until a single large force had been imposed on the U-bolt joint.

5100

R Jpadis b Pkl %!ﬁ-& Rl
Left Side Mounting Pad, Forward Right | Right Side Mounting Pad Bore, Forward
Bore Position {(# 4) Right Position (# 6}

Corrosion was evident in the axle mounting bores as well as on the U-bolt threads.
The above photographs are representative of the condition of the axle bores. The
removed U-bolts have been shipped to VRTC for further analysis; refer to the
photographs in the VRTC report for an indication of the corroded condition of the
UJ-boit threads.
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Shock Absorber Mmmtmg Brackets fmm Volvo V]N 4VG?DBRJTXHT948?9

Left Side

Right Side

The above photographs confirm that ali eight shoulders of the U-bolt locating
grooves on both right side and left side shock absorber brackets (four shoulders on
each bracket) exhibit a contact pattern that indicates that U-bolts had at some time

been installed at each of the four required U-bolt positions.

Front Suspension Spring Dowel
Spring Mounting Dowel

Front Dm:l:tmn of Velm:le

) ant Dlrcctmn uf Vehmln

Rear of Vehicle Rcar uf Vehlnle
Left Side Right Side
O Ingpection VTNA
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The photographs show a cresent-shaped deposit on the rearward portion of both
right and left side front suspension spring locating dowels. The material appears to
have been deposited from the coating o painting on the front suspension springs
since it matches the color of the spring coating material. The deposited material is
smeared in the forward direction of vehicle travel indicating that the front springs

were displaced forward (shearing the dowel and depositing the material) when the
front axle was subjected to a large force from the forward direction of the vehicle.

Surrmary of Findings and Comments

ODI believes that the damage observed in the U-bolis was most likely caused hy'
the following event sequence:

(A) A significant lateral force toward the right side of the vehicle caused
the small bend in the middle of the right stde leg shank of the U-bolt.

(B) The lateral force was so significant that it exceeded the ultimate
strength of the U-bolt which then fractured through the right leg. The
right leg and retaining nut must have been in place during this
loading to provide a reaction force for this significant tensile force, If
the U-bolt leg or retaining nut were not in place, it is doubtful that the
U-bolt would have been anchored strongly enough to permit a bend
to occur at this mid-point in the U-bolt’s right side leg.

The corrosion observed on each of the U-bolts legs reduced the
ultimate tensile strength of the U-bolts.

(C) Once the right side U-bolt ieg had fractured, the forces continued to
bend the U-bolt out of its original position and “opened” (stretched)
the right angle bend on the left leg of the U-holts.

The damage and analysis description is consistent with a frontal collision and
vehicle rollover onto its right side.

OB Inspection VINA
4VGTDBRITXHTHMETS
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The mating parts in the U-joint left reasonably clear impressions of the other
mating parts indicating that the U-bolt joint had been tight prior to separation. If
the U-bolt had been loose, the impression of the mating parts would have a
“smeared” appearance caused by relative movement (fretting) of the front
suspension springs, the front axle beam, sheck absorber bracket, spacers, and U-
bolts.

The appearance of unrusted “shiny™ metal caused by parts movement might
normally provide another indication of a loose joint. However, since the front
suspension and UU-bolts have been exposed to the elements, QDI has not relied on

this indicator.

Conglusions -

QDI believes that the front suspension U-bolts fractured as a result of the vehicle
impact and that the front axle U-bolt clamp had not been loose and did not
contribute in any way to events preceding the incident. There is no evidence of
prior loosening or separation as indicated by the inspected condition of the
available components. Available evidence from the front axle bores indicates the
U-bolts were subjected to a high load event consistent with a frontal impact.

ODI is concerned that corrosion may have diminished the ultimate strength of the
U-bolts.

GTBowman 9/27/02

ODI Inspection VIMA,
AVGTDBRITXH 704879
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| PACKER

YA ENGINEERING e

“HOT TRANSPORT” TRUCKING COMPANY
METALLURGICAL ENGINEERING
EVALUATION OF U-BOLTS

L INTRODUCTION

A tractor-trajler truck operated by the “Hot Transport” trucking company was involved in a single
vehicle accident in Lufkin, Texas. The tractor was a Volvo Model VNL64T, Serial Number
791735, and was pulling a tanker trailer. The vehicle man off the right side of the 1oad and rolled
over onto its right side. After the accident, attention was focused on the four U-bolts which attach
the front springs to the front axle of the fractor. It was observed that one side of each ofthree of the

U-bolts had fractured at the end through the threaded portion of the balt.

Packer Engincermg Inc. (PE) wan requested to assess the U-bolt fracture murfaces as well as the
metallurgical condition of the holis,

1. MATERIALS REVIEWED

1. Volvo Truck Corporation Drawing BOB1654, “UJ-Bolt, M20" {Appendix A)
2. Volvo Corporate Standard 7121,11, “Fagteners, Mechanical Properties of screws, Mthreaﬂs,

Manufacturing specification.” (Appendiz B)
3. Four subject U-bolis and two threaded sections of U-bolt scpamted by fracture,

M. RESULTS OF INVESTIGATION |

A.  Preliminary.

Packer Engineering, Inc. (PE) recognizes the possibility of litigation in auto and truck accidents, PE
follows the gujdelines in ASTM E860-97, “Standard Practice for Exmmmng and Testing Ttems That
Are Or May Become Involved in Litigation,” (Appendix C}. The premise for this Standard is that
if litigation is anticipated, all parties should have the opportunity fo examine evidence prior to
destructive testing. However, the testing by Packer Engineeting ot the subject U-bolts was
requested by the National Highway Traffic Safety Administration and was the minimum required
to determine if the bolts wers defective or inadequate in any way,

. All of the bolts were examined in detail and the fractures themselves were further cleaned and
examined. Hardness tests were performed on all of the bolts. Additional testing was done on the
right front U-belt which required sectioning of the bolt. -

1850 North Washington Street + P.O. Box 353 - Naperville, IL. 80566.0353 » 630 505-5722 « fax 630 505-1986
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B. Overall Assessment of Subject U-bolts .

Figure 1 shows the four bolts as raceived. The bolts were labeled and are also arranged in the
photograph according to left and right sides, front and rear, with the front bolts at the top of the
photograph. For the left side rear and both right side bolis, one cnd of the bolt was fractured. Two
of the fractured ends are in the plastic bag in the photograph.

All four ofthe bolts showed an oversll and very noticeable bending, consistent with a lateral or shear
force between the front axle of the fractor and its attached springs. The bending deformation
indicates that the loads on the bolts cxceeded the strength of the bolts. Furthermore, the
configuration of the deformation was such that the majority of the bending mwust have preceded the
fractures of the ends of the U-bolts. Lateral forces sufficient to deform the U-bolts would not
develop during normal operation of the vehicle. In other words, an overall assessment indicated that
fracture was the reqult of the material being overloaded.

C. Localized Deformation at the Fractures

Examination of the boit ends in the vicinity of the fracturss found evidence of local deformation as
well. Figure 2 shows the end of the left side rear U-bolt. The orange arrow shows the direction of
the bending which resulted in stretching on one side of the bolt and & foreshertening of the threads
on the other. Figure 3 shows a similar sitnation for the right side rear U-bolt. Again, this
deformetion could not have ocemred if the bolts had fractared during normal operation of the
vehicle. The deformation on the right front U-bolt indicated relative fore and &ft motion between
the axle and the spring. The left fromt bolt showed deformation but no fracture.

D.  Optical Inspe-:l:inl of the Fracture Surfaces

Asreceived, the U—bults were covered with dirt and some rust. To better enable assessment of the
fracture features, the fractures were cleaned by immersion in a beaker of acetone with ultragonic
agitation. The fractures after cleaning are shown in Figures 4, 5, and 6 corresponding to laft rear,
right front, and right rear respectively. The acetone treatment removed most of the dirt and loose
rust fiom the fracture surface. There were o few isolated patches of Tust remaining as shown in the
Pigures. This rust developed after the fracture ocowrred: All of the fractures appeared to be
refatively fresh and of the same virtage. There was po indication of any aging, wearing, or oxidation
of any of the fracture surfaces. There was no indication that anyportion of the fracture occurred over
an extended period of time or prior to any other portion of the fracture,

The fracture surfaces of the right bolts were similar to the cup-cone fracture which is sometimes seen
in tenzile test specimens, That is, the central portion of the fracture was relatively flat while the outer
porttions were at an angle (shear lips). This fracture develops due to the different state of stress
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which exists at the outside surface of the cross section. The fractves initiated in the roots of ﬂ1=
threads due to-the stress concentration effect end the deformation was coticentrated there. Greater
elongation would have been expected if the fractures had initiated on a amooth cylindrical swrface.

The left side rear fracture was comapletely at an angle to the axis ofthe bolt due to the preater amoumt
of bending associated with that particular bolt end.

Ridges of various depths and orientations woere observed on the fractare surfaces. . These ridges
should not be confuzed with the beachmarks and siriationg which indicate fatigue fracture. In fact,
the ridges result in & fractuze surface which is much rougher than the smooth fracture surfaces

typically observed in fatigne.

Again, all aspects of the fracture appearance indicate & fracture which occurred due to the sirength
nfthemn:eriylhaingexnmdadbythemmhinﬂdbﬂndhtgandtmsﬂufommimpnsedonthebolts.

E. Fracture Serface Examination in the Scanning Electron Microscope

The fractare of the right front U-bolt was somewhat flatter, showing less shear and bending, than the
other two fractures. Also, the nut end of this bokt was not with the other bolt picces and was
therefore not available for asscasment. Therefors, the holt side of the fracture weas cot from the rest
of the bolt and examined in the scanming electron microscope (SEM) after cleaning. The SEM
allows higher magnifications and greater depth of focus than are possible with optical microacopes,
Figure 7 ahows an area near the edge of the fracture at 1,000X magnification, The fracture occurred
through a mechanism known as micro-void eoalescence. This frachure appearance is also sometimes
described as dimpled rupture or ductile dimples, It results from deformation on a microscopic scale.
The orange arrow in Figure 7 shows a particularly clear example of the ductile dimples. Again,
ductile dimple fracttfa resulis from stresses which exceed the stremgth of the material.

F. Alley Chemical Composition

r u

The English language portion of the relevant Volve Corporate Standard (listed above) was reviewed.

Per the drawing, the bolts are to meet the requirements of Property Clags 10,9. The Standard

gpecifies metal alloy chemical composition. A section of the right front U-bolt, which was adjacent

to the fracture removed for the SEM examination, was analyzed by Metallurgical Services, Inc. of
Maywood, IL, an independent laboratory specializing in routine materials testing, Appendix D is

their report 0fMay 7, 2002. The sample analyzed meets the Volvo requirements. The sample itself
- wag consumad in this testing.
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G, Hardress .

The Volvo Standard 230 includes a hardness requirement for Property Class 10,9. Rockwell C scale
hardness is specified to bo in therange 32 - 39. Tests were conducted on a cross-section cuf adjacent
fo the fracture of the right front bolt. Readings were obtained at the mid-radius and center of the
cross-section. Hardness tests were also conducted on the surfeces of esach of the other U-bolts. The
laboratory hardness test data are provided in Appendix E. Ali readings were within the specification.
Note that a correction is required when conducting hardness tests on curved surfaces.

H. Microsttmciure

The Volvo Standard intends at Ieast 90% martensite in the center of the bolt cross sections after
quenching to the as-hardened condition. A metallographic cross section was prepared and evaluated.
The ginxture consisted of tempered martensite at the edge and center of the bolt and met the
requirements of the Standard.

The Standard describes assessment of decarburization in a thread cross section. Becsuse the
fractures were adjacent to threads and the threads indicated the deformation of the bolts prior to
fracture, it was desired to maintain these threads intect. The section prepared for metallographic
examination was nat throngh the threads. However, decarburization did not appear to be excessive.

IV. SUMMARY, DISCUSSION, AND CONCLUSION

Metals are most useful as engineering materials becamse they combine high strenpth with the ability
o respond to load by deforming and sbsorbing energy prior to fracture. The subject U-balta behaved
in this way, They were subjected te forces during the accident which simply exceeded their strength.
The bolts all bent ard ttoee of the bolts ultimately fractured. There is no indication that the bolts
were defective. There is no indication that the performance of the bolts was deficient, no indication
of any partial fracture or cracking pre-existing the accident, and no indication that the bolts
contributed tp. the cause of the -accident in any way. All testing indicated that they met the
requirements of the applicable Volvo Design Standard. it is not unusual or entprising to find
deformed and broken parts after an acciderst of this fype.

Further sectioning and testing of the bolts could be performed. However, this was not done, is not
recommended, and is not considered necessary given that there was no indication of any problem
with the bolts and that others might desire to be present and contribute to further examination and
testing. Further testing would farther alter the condition of the holts and consume additional
material. For example, tensile testing would consume large fractions of whichsver bolts were tested
and results might be difficult fo interpret given the bending distortion present. The hardness tests
do not indicate any deficiency in tensile strength.
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V. ADDITIONAL INFORMATION ¢

Dr. Shipley’s Curriculum Vitae (C.V.} and additional infgrmation on Packer Engineening comyprises
Appendix F. Dr. Shiplcy is licensed as a Professional Engineer by examination and has published
and made presentations in the area of failure analysis in general and threaded fastenegs in particular.

Sincerely,

PACKER ENGINEERING, INC. ' -

Roch J, Shiptey, P, PH. < Aardn J, Tones

Vice President Staff Engineer

Materialz and Mechanics Materials and Mechnmcs
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INSPECTION REPORT — VOLVO VIN 4V4ANC9JH9IN318309
April 29-30, 2002

Introduction -

On April 29 and 30, 2003 Tom Bowman (ODI), Jim Hague (VRTC), and Thad
Gardoer (TRC) inspected a 2001 Volvo Tractor, VIN 4VANCOJH9IN318309
that had been in a single vehicle rollover crash near Mile Marker 93 on
eastbound I-10 (near Deming, NM) on October 16, 2002,

Prior to the imspection visit, witnesses had informed NHTSA that the tractor-
trailer corobination had made an abrupt departure from the roadway toward the
left (into the median of the divided four-lane highway) causing the vehicle to
roll to the right (or passenger side) direction, The driver and passenger were
killed in this single vehicle crash.

The post crash police report, tow truck operator 2nd an owner operator (who
reported the incident to NHTSA) had each performed cursory examinations of
the vehicle and observed that the front suspension U-bolts in the post-crash
vehicle had fractured. Based on this information, ODI believed that a more
detailed inspection was justified.

D5C -

The general purpose of this inspection was to provide information to assist
ODI’s investigation of *“20 MM Coarse Thread Front Suspension U-bolts
installed in Volvo tractors manufactured between 1998 and 2601”7 (EAQ2-021).

The specific purpose of this inspection was to determine (1) whether the
inspected components indicated that any malfunction of the front suspension
retention system (U-balts) had occurred and, if so, (2) whether the malfinction
had caused or contributed to the October 16, 2002 crash.



Summary of Findings -

The evidence ohtained from the police report, the post-crash (E & A)
photopraphs, and the inspections of the post-crash components indicates that the
front axle suspension U-bolts had fractured as a result of the loads imposed by
the crash. The evidence did not indicate that the 1-bolts had been factors in

causing or contributing to the crash.

Methodology -
The investigation consisted of the following:

(1) ODI conducted phone interviews with the police officer who reported the
crash and the tow truck operator who removed the wrecked vehicle from

the crash site;

(2) ODI reviewed the police report and post-crash photographs taken by
Evans & Associates (E & A),

(3)ODI1, VRTC, and TRC personnel conducted a field inspection of the front
suspension U-bolts, front axle assembly, and tractor which were being
stored at varigus locations in New Mexico.

This field inspection focused on (A) the “missing” U-bolt; (B) the
fracture, deformation and evidence of clamp provided by the three
remaining U-bolts and mating parts; and (C) the evidence provided by
various peripheral parts of the vehicle.



Inspection Schedule -
The ODI-VRTC inspections were conducted over a two day period at three
locations:
Date Of Location Components nspected
Inspection
April 29, Evans and Associates | (1} Three fractured and bent front
2003 (E & A) suspension U-bolts with attaching
1681 Hickory Loop hardware. A fourth U-bolt had been
Las Cruces Teported “missing™ at the crash site
New Mexico and it has not been recoverad.
April 29, M & D Towing, (2) Front axle assembly identified as “FF-
2003 125 Arizona Road 986-LX2, 8082906, s/n
S.W. AVF()1B8R6%
Deming (3) a single fractured upper leaf from the
New Mexico passenger side of the front suspension
{4) Dorsey refrigerated trailer (stripped)
April 30, Ryder Truck (5) Volvo Tractor VIN
2003 Mzintenance Facility AVANCOTHIIN3 18309
1500 Mission Avenue
NE Albuquerque
New Mexico

The inspection team also drove past mile-marker 93 of Interstate 10 while
traveling from Las Cruces to Deming and performed a cursory inspection of the

crash site.

Background -

Om February 14, 2003,an independent Volvo tractor owner-operator, sent an e-
mail to ODI reporting that he had observed a wrecked Volvo tractorat M & D
Towing in Deming, New Mexico (later moved to Albuquerque) and that the
front suspension U-bolts appeared to have fractured leaving the front axle
separated from the tractor. The owner-operator sugpgested that ODI should
examing the U-boits in this vehicle inasmuch as it appeared to him that the U-
bolt breakage could have been the cause of the cragh.




ODI contacted several individuals by phone prior to conducting the April 29 and
30, 2003 inspection for the purpose of developing a clearer understanding of the

crash circumstances and the whereabouts of the post-crash components.
ODI interviewed the following mdividuais:

(1) The New Mexico State Police officer who had been sent to the crash site
immediately after the crash and prepared New Mexico State Police Report
(# 4701898) regarding the incident. At ODI’s request, the New Mexico
State Police furnished ODI with a copy of this accident report (attached).

(2) An engineer associated with Evans & Associates (E & A) who had been
retained by Ryder Trucks to take photographs of the crash site and the
post-crash vehicle and related components. At ODI's request, E & A
provided copies of 158 photographs to ODI. These photographs were
accompanied by a short written summary dated December 17, 2002 that
indicates that the photographs had been taken on October 31, 2002,
approximately 15 days after the October 16, 2002 crash.

ODI has referred to the E & A photographs since these photographs were
taken 15 days after the crash and provide a record of time-sensitive
evidence such as tire tracks and the positioning and condition of crash-
related evidence that could easily have been compromised by subsequent
handling, relocation to various storage locations, exposure to the

elements, etc.

(3) ODI interviewed the tow truck operator. The E & A post-crash
photographs (numbered 85, 93, 94, 95) showed that the ball stud was
separated from the drag link and ODI was concemed about whether this
separation might have preceded the crash and therefore been a possible
factor in causing the crash. Through the phone interview, ODI learned
that the tow truck operator had found the drag link bail stud connected to
the steering arm in the post-crash wreckage and had removed the ball stud
from the steering arm to facilitate removal of the vehicle from the crash

site.
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Sururcﬂ DDI Viait to Ryder Maintenance Facility in Albuqum'que, April 30, 2003

At some time after the crash, the tractor had been transferred fromM & D
Towing in Deming to the Ryder Maintenance facility in Albuquerque, New
Mexico.

The front axle was separated from the chassis but the front axle serial number
information on the tractor’s VIN tag corresponds to the front axle assembly that
was inspected in Deming on Aprit 29, 2003.

The appearance of the vehicle is consistent with the photographs taken by E & A
shortly after the crash and the damage is consistent with what would be expected
when a vehicle has experienced a roll in passenger side direction.

Crash Site



There were no evident marks on the highway surface that could be associated
with the October 16, 2002 crash. The road surface appeared to have been
recently resurfaced along this portion of the highway and any gouge, scrape or
tire marks that may have been evident after the crash and/or on the post-crash
photographs taken by E & A were not evident at the titne of the Apnl 29, 2003

inspection.
Pohice Accident Report Summary -

New Mexico State Police Report # 4701898 describes a single-vehicle dual-
fatality crash in which a 2001 Volvo tractor identified as VIN
4VANCITH91IN318309 hauling a 1999 Dorsey trailer loaded with fresh produce
had been traveling eastbound on I-10, a divided four-lane hiphway. The crash
occwred near mile marker 93 at approximately 6:40 PM on October 16, 2002.
The roadway conditions were reported o be dry, clear, straight, and level. The
crash occurred at “dusk.”

The police report indicates that the deceased were taken to Baca’s Funeral
Home. The report does not indicate that an autopsy had been performed and
states that the sobriety of the driver was unknown.

The police report narrative describes the witness’ account as follows,

“(the witnesses) ... had been eastbound in the left lane  traveling
at 65 MPH when the tractor-trailer passed them in the left lane ¢,
The tractor-trailer the (sic) then changed lanes into the left lane ¢?
in front of them. The tractor-trailer then suddenly went in to (sic)
the median and overturned...there was no traffic in front of the
tractor-trailer before it went into the median.,.”

M ODI notes that seztements (a) the witness vehicle was traveling in the left lane and (b) that the
tractor-trailer had "passed them in the left lanz" arc possibly contradictory. New Mexico Accident
Report # 4701898 provides a diagram that depicts the crash site and records various scrape and tire
marks left in the roadway surface after the crash. This diagram in the raport shows that the tirs marks
otiginate in the far right lane end the socompanying description states that the tractor-trailer had been
“in the right lane when it sucklenly went across the lef lane.”



QDI cannot determine with certainty whether the tractor-trailer passed the
witness vehicle on the right or the left side. The police report and photographic
evidence of the crash site evidence indicate that the tractor-trailer lost control
from the right lane.

tions in New Mexico Police Accident

Front § 1 -Bolt

New Mexico Police Report # 4701898 states that

“the driver side out side (sic) bolt was broken on one end; the inside
bolt was missing. The outside bolt was broken at the front-end one
end {sic) and the break was at an angle through the threaded

portion.”

The above comment indicates that the police officer that inspected the post crash
components believed that the front suspension U-bolts had been installed in a
front to rear orientation (as indicated by describing “inside™ and “outside” U-
bolts) whereas the U-bolts are actually installed laterally (side to side) across the
front axle mounting pad.

Description of U-Bolts and Re Sketch

Four U-bolts are used to secure the front axle suspension components to the
front axle in the vehicle. One U-bolt is installed laterally in the forward position
and a second U-bolt is installed Iaterally in the rearward position through paired
sets of holes that are bored into the both the right and left suspension moynting
pads of the front axle I-beam.

QDI has numbered the U-bolt mounting holes for reference purposes. The
numbering convention used to identify the various mounting “Positions™ are
summarized in the skeich and table below. Four U-bolts are installed to retain
the front suspension to the axle: one U-bolts through positions 1- 2, one U-bolt
through positions 3 - 4, etc.



Position # Description Pogition # Description

1 Drivers Side 5 Passenper Side
Rearward Inboard Forward Inboard

2 Drivers Side 6 Passenger Side
Rearward Outboard Forward Quthoard

3 Drivers Side 7 Passenger Side
Forward Outhoard Rearward Qutboard

4 Drivers Side B Passenger Side
Forward Inboard Rearward Inboard

. Identifying the I.ocation of Missing U-bolt

ODI identified the posttion of the “missing” U-bolt by first identifying the pre-
crash positions of the three surviving U-bolts. Based on the labeling affixed to
the U-bolts, the presence of either a flat washer (indicating forward position) or
a tapered plate {mdicating a rearward position), and a review of photographs
identified by numbers 85, 86, 88, 90, 93, 95, 96 in the E & A report dated
December 17, 2002, QDI believes that the “missing” U-bolt had been installed
transversely in the drivers side forward position identified as “Position 3-4.”



Discussion -

The suspension design requires flat washers to be installed between the lower
face of the axle suspension mounting pad and the U-bolt nuts in the forward
suspension positions identified as Positions 3, 4, 5 and 6 and that tapered plates
be installed between the fower face of the axle suspension mounting pad and the
U-bolt nuts in the rearward positions identified as nstallation Positions 1-2 and
7-8. (See Appendix B for reference.)

Photographs 83, 90, 93, 95 and 96 provided by E & A show a portion of a bent
and fractured U-bolt resting in the rearward position of the driver side rearward
front axle suspension mounting bore (Position 2). This U-bolt has been bent
and had been displaced {or dislodged) from its originally installed position in the
front axle. The fractured end of the U-bolt is hanging in the driver side rearward
bore {Position 2) of the front axle mounting pad and the other non-fractured end
of this U-bolt is supported by the attached tapered plate which is draped over the
front axle cross-tube assembly. The positioning of the U-bolt and the presence
of the tapered plate indicate that this U-~bolt had been installed laterally across
the driver side rear position {(Position 1 - 2),

This U-bolt corresponds to the U-bolt that the New Mexico Accident Report #
4701898 describes as the “remaining (driver side) U-holt.”

- {1) Flat Washer Witness Marks-

The flat washers installed in the drivers side forward (“missing” U-bolt) position
(Position 3-4) had left clear witness mark impressions on the bottom face of the
front axle mounting pad. These impresgions were consistent in appearatice with
the impressions left on the underside of the other suspension mounting pads
indicating that the “missing™ U-bolt had been in position for essentially the same
period of time as the other U-bolts attached to this axle. The washer impressions
in the axle were distinct indicating these parts had been tightly clamped since
there are been no evident movement of the washer relative to the axle.
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{2) Thread impressions in the Diiver Side Forward Axle Bore at Position

The “missing U-bolt” had been installed through the driver side outboard
forward bore {Position 3). Thread mapressions in the outboard and forward
topmost faces of the bore in the front axle are distinct indicating that single load
had been applied with sufficient force to indent the bore surface in (1) the
outboard and (2) the forward directions. (See photograph below)

Phutograph of the driver side outboard forward bore (Pu-smun 3]

- Forward Direclion of Vehicle

LTI

Thread impressions and metal t@{;‘:
~a| “push up” lip in the forward [ )
dircction

Thread zmpn:smuns in thc fon'. ard
drivers side bore (position 3) and metal
“push up™ lip in the cuthoard direction

Som'ce Phntugraph taken at ODI i mspectlun atD & M Tﬂng, Apa'll 29 2003.

The opposite end of the “missing U-bolt) had been installed in inboard forward
drivers side front axle bore (Position 4). Position 4 bore did not exhibit any
witness marks in the bore indicating that the drivers side forward leg of the U-

1t



bolt kad not been subjected to the same loads as the drivers side front axle bore
(Position 4).

ODI speculates that the forward driver side (“missing”™) U-bolt had fractured in a
manner similar to that observed in the three remaining U-bolts. (See comparison
photographs in the following section, )

ODI further speculates that the fractured permitting the short straight section of
the U-bolt at Position 4) dropped through the axle bore and away from the
vehicle. After the fracture of the driver side forward inboard U-bolt had
occurred, the remaining portion of U-bolt had been bent upward in a manner
similar to that observed in the other three U-bolts that had been installed in this
vehicle. Upward force applications imposed on the inboard leg of the U-bolt
pressed the threads of the outboard leg into the axle bore in the (1) outboard and
(2) forward directions.

(3) Evidence of Clamp -

The round flat washers installed in the forward U-bolt installation pesitions (3,
4, 5, and 6) and the rectanguiar plate installed in the rearward U-bolt installation
positions (1 - 2 and 7 - 8) made distinct impressions in the bottom face of the
front axle suspension mounting pads. The distinct appearance of the
impressions indicates that had been clamped in position fitmly and had not
shifted, fretted, or moved relative to the axle mounting face up to their ultimate
separation from the axle face. (Also refer to Photograph 102 taken by Evans and
Associates.)
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The following photographs show the front suspension U-boits arranged
according to their position as originally instatled in the subject vehiele.

Drivers Side Forward

Missing U-bolt

Position # 3 Position # 4

Passr:nger Side Fnrward

lt

Position # 5 Position # 6
The mstailed flat washer indicates that this U-bolt
(iroprinted with part nember “M00307") had been
installed in a forwand position.

IDnvers S1de Rearward

.I ,.. 'I- -
;c.l'r ‘!qt“”
i VoL e

W Jﬂ‘l'

- AT A N Bapts'

Position # 2 Position # 1

The installed tapered plate indicates that this U-bolt
{imprinted with part number “8081551%) had been
installed in a rearward position.

er S1de Rem'ward

Position # 8 Pnsmnn # 7
The instalied tapered plate indicates that this -
bolt {imnprinted with part number “8081551™) had
been instaltled in a rearward position.

Source: ODI photographs taken at Evans & Associates - April 28, 2003
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The three surviving U-bolts had been bent outward in the direction of the -
passenger side of the vehicle indicating that the 1J-bolts had been subjected to a

significant load in the direction of the vehicle’s passenger side.

The fracture faces of the three U-bolts exhibited modest corrosion that has
obscured some of the features of the fracture face. There was no visible
evidence that fatigue cracks had developed in any of the U-bolts prior to
fracturing.

Dis ancy in UJ-Boit Part Marking -

ODI1 noted that passenger side forward U-bolt was imprinted “3IM00307.” Since
QDI had not previously been aware of *3M0307” as part number relevant to
this investigation, ODI requested Volvo Trucks North America (VINA) to
identify the part rumbers of the front suspension U-boelts that had been
originally installed in VIN 4VANCOTH91N318305. VTNA responded that all
four of the originally installed front suspension U-bolts were part number
“8081551.”

ODI requested Ryder Truck to provide vehicle maintenance records pertaining
to the front suspension. These records indicated that maintenance described as
“repair U-bolts front spring” had been performed on September 21, 2002,
Althouph the service record does not indicate that any U-belts were replaced, it
is likely that U-bolt “3M00307* had been installed as a replacement for the
originally installed U-bolt at that time.

Since there were no indications that the U-bolts had lost their clamp untii
subjected to the catastrophically high loads associated with the crash forces,
ODI did not elect to perform a metallurgical examination on any of the U-bolts

examined during this field inspection
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Passenger Side U-bolts -

The two passenger-side U-bolts appeared to be fractured and deformed in a
similar pattern. Both U-bolts had fractiured through the threaded section of the
outboard leg proximate to the section transition between the shank and threads.
The fracture face is essentially flat across the face of the U-bolt and exhibits a
“coarse” appearance indicating that the fracture was caused the application of a
single force sufficiently large to fracture the U-bolt. There was no evidence
such as a fatigue crack propagation zone that would have indicated that the 1J-
bolts had been cracked prior to the ultimate fracture,

Both of the passenger side U-belts exhibited indentations on the inboard faces of
both the inboard and outboard legs of the forward and rearwand U-bolts at two
locations along the inside face. The indentations are approximately opposite the
edges of the two fromt suspension springs and were most likely caused by the
edges of the springs pressing into the leg of the U-bolt. The indentations on
each leg are slightly offset from each other indicating that the springs had
contacted the U-bolt from somewhat different directions implying that the
springs had splayed relative to each other at the time that they contacted the -

bolt.

The legs on the fractured portion of the U-bolts have essentially retained their
“straight™ appearance but exhibit a minor outward bend in the U-bolt leg at a
location on the opposite side of the of the indentations. The location of the
bends in the legs of the U-bolts are in the direction of the passenger side of the
vehicle and correspond to the location of the indentations on the opposite and
inside leg of the U-bolts. (Also refer to photographs 104, 105,106, 116,
117,118, 119, 120, and 121 for additional views of the inboard U-bolt leg
“indentations.”) The location of the outward bend indicates that the forces that
made the indentations also bent the U-bolts at these points.

In normally aligned and tightened suspension installations, the spring leaves do
not contact the U-bolts. The evidence of the indentation or contact on the inside
face of the outboard U-bolt legs indicates that the leaf springs had been
displaced forcefully outboard from their normal position and, at least initially,
the U-bolt was held in place with a clamp sufficient to resist the indentation and
bending forces exerted by the displaced leaf springs.
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Drivers Side U-bolt -

One driver side U-bolt was found after the crash. Barlier analysis outlined in
this report has identified this U-bolt as having beern instalied in the driver side
rear position (Position 1-2). The fractured leg on this remaining (rearward)
driver side U-bolt showed a more significant bend in the inboard fractured leg of
the driver side U-bolt than observed on the passenger side U-bolts. An
indentation was evideni on the inside of the UJ-bolt leg at the location opposite
the bend indicating that the force had been imposed from the edge of the spring,

The driver’s side U-bolt fracture face is “coarse™ in appearance indicating that
the U-bolt had experienced a single large force sufficient to fracture the 1J-bolt.
There was no evidence such as a fatipue crack propagation zone or other
indications that would have indicated that the U-bolts had been cracked prior to

the ultimate fracture.

The fracture surface extends approximately 45 degrees across the fracture face
rather than the nearly “straight” fracture observed on the passenger side U-bolt.
The appearance of the driver’s side U-bolt fracture face differs from the
appearance of the passenger side U-bolt fracture faces indicating that the forces
applied to the driver’s side U-bolt differed from those applied to the passenger
gide U-bolts.
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Appearance of “Indentations™ or Deformation
on the Inside Leg of the U-bolis

Driver’s Side Forward

Missing U-bolt

Passenger Side Forward

Driver’s Side Rearward

Passenger Side Rearward
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Appearance of U-bolt Fracture Faces

Driver’s Side Forwatd Passenger Side Forward

Misging U-bolt

Driver’s Side Rearward

Source: ODI photographs taken at Evans & Associates - April 28, 2003
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Axie Bores -

If a U-bolt were to loosen, the U-bolts could shift and fret against upper and
lower edges of the front axle suspension mounting bores as the suspension
gystem shifts (or displaces) in response to vartous road load events. With the
exception of the driver side outboard forward bore (Position 3) discussed earlier,
the bores appeared to be round with square edges indicating that none of the TU-
bolts had been loose prior to their catastrophic deformation when subjected to
high crash-related forces,

Other Vehicle Systems Examined —

Cursory inspections of the (A) steering system, (B) front suspension system, and
(C) tires of the subject vehicle did not indicate any apparent defects in these
systems.

(A) Steering System Linkages and Steering Gear -

The front axie stecring arm, knuckles, cross-tube, cross-tube arms, and tie
rod ends appeared to be intact. The “axle end” of the drag link had been
intentionally sepatrated from the steering arm to facilitate vehicle removal
from the crash site as stated earlier in this report. The “steering gear” end of
the drag link remained attached to the Pitman arm. The drag link had been
bent upward and exhibited evidence of contact with another object in the
area where it was bent. The steering linkages appeared to have been intact
prior to the crash. The bend in the drag link was most likely caused by the

vehicle crash.

The steering wheel was rotated without engine power agsistance: the Pitman
arm traveled smoothly through its range of metion.

(B) Front Suspension System -
The fore and aft ends of the driver and passenger side lower leaf springs and
the fore and aft passenger side upper leaf were inspected and found to be

intact. These intact connections indicate that the front axle position relative
to the vehicle frame had been maintained. .
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The passenger side lower Ieaf had separated and was missing from the
tractor, This “missing” lower leaf corresponds to the separated and fractured
leaf spring inspected at the M & D salvage yard. The passenger side spring
fracture appeared to have fractured as a result of a sipnificant force imposed
on the springs by the crash.

(C ) Tires-

Both front tires were mounted to the front axle assembly. The driver side
tire appeared to be inflated; the passenger side tire had de-beaded from the
mim. There was no evidence of puncture, flat spots, or unusnal wear on
gither of the front tires.

Position Tire Size DOT Information
Drivers Side Front | Bridgestone 295/75 R22.5 | 2 CBT5CT13C2
Passenger Side Front | Bridgestone 295/75 R22.5 | 2 CBT5CT19(2

The passenger side tire de-beading may have occurred when the tire was
subjected to high lateral forces associated with the vehicle rolling in the
passenger side direction.

Six of eight rear tires were mounted to the rear axle assembly. The two
outermost drivers side tires had been removed from the vehicle, The
remaining six tires appeared to be inflated and did not exhibit any evidence
of puncture, flat spots, or unusual wear.

Conclusions -

All four of the front suspension mounting bolts installed in the front suspension

of Volvo VIN 4V4ANCITHI1N3 18309 had been installed and clamped up to the
time of the crash event. The front suspension components did not exhibit any

indications that the front suspension clamp had loosened prior to the crash.

The appearance of the fracture faces of the U-bolts and witness marks on various
component surfaces (outward bend of U-bolts, impressions on inside legs of the
U-bolts, and impressions of threads into the front axle bore) indicate that the
vehicle experienced a significant force(s) which forced the front suspension



components outward from the front axle primarily in the passenger side
direction. ,

Based on these inspections, ODI did not find any evidence that indicated that the
front axle suspension and U-bolt integrity were factors that caused or
contributed to the vehicle crash event.

GTB
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STATE OF NEW MEXICO UNIFORM ACCIDENT REPORT
SUPPLEMENTAL DIAGRAM/NARRATIVE

This accident krvolwad a white 2001 Volvo tractor-frailer. mwh&bamtﬂwlh;m'hﬂt

On Octobex 16, 2002, at approximately 12:40 kours, im accident oocuticd on Inteortate: 10 at mile marker 93 =$
"
-

1t srudcienly went into the medisn and over turned. g

Upon my soival at $ie scene 1 obaerved the trsctor-trafler in e mediaa laving on it drivers side-pointing nocth,
The driver, Jason Strout, was located an the grotnd uneder the driver’s sds Ter tractoe rivey, The driver ippexrsd
to Be deceasad; Demting City Ambolance pononal cemfirmed fhit. The pafsengtt, Robet Moight, was. later
Toceter onder the drivers side of the slecper of the fractor. thaﬂ&:mmmmwd
mﬁn&mumﬂmmum?mﬂ!mﬂumﬂ&iﬂm

The witessss, Nashe Welch md Vemnica, wore taveling rogether and they advised thac they had bren
enstboumd in dae left Jane traveling at 65 mph when the cior-tradlee passed them i the 1eft lens The
tractor-tmiler o then changed Iuws into the left bme in fopd of fhem. The tactor-traflar then raddenty went in
to the madan and overturned. They advised that thero was mo trffic in Eont of tho tractor-toailer before it went:
inte the medisn,. They alao yixied that the conld sec no resson the tractor-trailex 4 go off the road and that it dfd
vt appear to by speading. The witnesses were inverview by Officer Chod Casson NMEP.

L)
ot

| ] | Z09Y0T
e

gy

" £NBW Oy ot

Fvestigation of the sceoe md the vehicle showed tht the tmckor-mailer hud bown castbornd in the right lans
when it swddenly went scrocs the left Jons; Thit was ndiogted by tim mrks left oo the rosdway., Them
tractor-trailcs stated into the median i a broadyide side skid with the paascager gide Jeading. The tactor-traiter

was partly in the median when it started to overtuin. It cvertumed onto it passengar's side with tractor snd s |
front portion of the tuiler in the madion and the reor porticn of the (il vh the roadway, The tmelor-trailar
siid on it's passenger side Uil it was entirely in the median wher it continnd to pverium ol it crme bo rost

am]

on it's drivers side. The tractor-pexiter relled over 344 rimes. While the tactor-frafler was overmming both
orcupants were giected. The dover was not weacing u sufety balt. The petstmger wan in the slsopar poction of
tiae tracsor end he was gjected when the Foof of the slecpar camn off dring the rollover. The driver came to reat
under the drivers rida resr whesls of the ractor xof the parsenper came to rost tnder ths driver's side slesper.

Tire marks It op tha roadway by the tractor-triler indicates that vehicls weit from the dght lanc scross the left
lans and off fae medan very suddenly. The distance from the start of the tire maxka to whers the vakicls fryt
atered the median was 121 fest m;typeufmddmmm;ufﬂuvdudsumhd;umaﬂd&uw

inattention a5 a possible canse of the accident

Inspection of the vehicls tires showcd that the driver side tircy wets not dunaged. The passenger slde front and
omside dual tres were defiated. The deflated fins were not danaged mdappmwdmhvehmm&uﬂmd

‘when the vehisls was rolling over.

Motor Teanspiration Division Officer Jerry Masaner eondneted & Lavel 2 commercinl vehicle inspection of the
tractor-trmler st the grone. A copy of his inspectian is atesehed o this report

On October 18, 2002, at 1R:00 Bours, Officer Torry Megoner and J-wont to the M & D Towing starnge fasility in
Deming, WML and mspected the steering and front axle componente of the oacror. The front axle had become
dislodged from the mactor during the acsident. The ateering bex appesred o be undamaged. The four U-boits
holding the front axle had broken allowing the axie 1o become distodged. Inapection af the broken U-bolts
abowred that the prssenges side bolts had cach broken on onc cnd and the break was straight acrost the bolt at the

end of the threads,
Ceontinued on nest page, ' Officer Michpal Thm@
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STATE OF NEW MEXICO UNIFORM ACCIDENT REPORT
SUPPLEMENTAL DIAGRAM/NARRATIVE

‘The driver ride ous side boly was broken on one end; the inside bolt was missing. The surside bolt was hroken st
fromt-cnd pne eod and the break was at an angle threngh tho weaded partice. This type of angied break could -

Indicaie meuws! fatigu, The bolthales were inspected and they appeared to be straight exeept For the curside fron:
boilhcle on the driver side, The driver xide front ourside holihole appeansd 1o be oblong on the froat oot xjde of
the hata Thin oblang belthole coald indicate wear from bolt movemens.

Th: camse of this sccident romains mdetermined. Further investigation it the poastbility of mechanical faifuro
will be conducred- Supplemental repoers to this report will be £led 22 additionat information iz developed.

Naryative By: Officer Michsel ‘nmn@
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STATE OF NEW MEXICO UNIFORM ACCIDENT REPORT

SUPPLEMENTAL DIAGRAM/NARRATIVE

= of

Diageam Logend ) 3‘-“§ g E g
Polnty of Jnfercnt Bsfweuss Point (1) Baselige MR E
A- Second atle, left side tire of ireler (Point of Res) ~ #4S AW 64117 Ao
B- First axk, lelt sido trailer tire (Poigt of Res) 4501w 6067 £
C- Second rear axle, Lot side s of tractor (Poict of Rest)  47474™wr g |E
D- Drives (Point of Rest) S84 31°%7 E
E—Firatrrmnh.laﬁ.dda s of tractor (Pointof Read) 4797w 319" g
F- Pusoenger (Point of Rest under tmaceor) as6'a"w 413 B
G- Righe front tire of tractor (axde dislodged) 494" T w 24'47y
H- Lef: from comer of raetor _ 4980w 26' 107
F Right Fronf tire of bractir (axle dislodged) 5100w 26'3" o i” EJ
- End nfrmrmmlﬂ‘gmpmnkfmmnﬂh 498 Tw ¥3"n
K- Gaiige mask From frailer [saves the rosdway 490 P TS
L- Gouge mark oo tuaiber croses sdgsline 5634w o
M- Gouge mark from trailer restars 574w 517
N- Gouge mark from traller cnds 6065w 80”5
O« Tirc mark ends in the median . 618w TP
P- Gouge mark from tra.n]um 626710 w 1001
Q- Rim impact meck 7T 1170
R-Tirs mark on median shoulder ends }sj_n-:iw rim
5 Tire mark leaves the roadway GE0" K™w 7'0'n
T- Tits mark leaves the roadway 6678w T0"n
U- Tire raark Jeaves the roadwey 638"2"w 7078
W= Tire mark crozsos the edgeline . T14"'B"oy a
W. Tire mavks oross censerline 70w 1107
X- Start right side tire matk 911w 1227

. BOO"P*w 20' 11"

Y- Starv of 1oft side tive mesk

The Refarsnce Poiot (R ulmnaduﬂnmtadma of overpass almﬂnnm‘kergﬁ

Meagurements By: Officer Michael Thomas.
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low Maxico DPS - Motor Transportation Division
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‘ . nspuction Datas 1G/18/2002

DRIVER VEMICLE EXAMINATION REPOR
Report Newnber: NM4001100251

Start Time: 712 M End Tiee: 8:022 P

mn.ﬂu BTE0T-1628
hona: (BOB|a2703%0 Fax: (S05/827-0818 Pwp. Level2-Wali-Aroundbio HM Inap,
CMMODORE EXBRESS INC Driver: STOUT, JASON L
O BOX 507 . Licensef: 533043277280 .y
NTIOCH, TN 3TD11 Date of Bivth: 082111677 -
hone®: _ Fend: Colviver: KNIGHT JR, ROBERT T
SDOTE; 00720634 ICCA: 333808 - Licenanl: 40278725 State-TN
el - Dabe of Birth: 03/28/1858
xcation; DEMING MslaPost: 98 Shipparr SANTA ROSA COOLING
ighways F10 : Origin: MARICOPA AZ BiN of Lading:L02250
ounty: EUNA Destinafion: GCOODLETTEVELE TI Cargo: Fresh Produce
ICLE IDENTIFICATION -
Typo Moke Yooy Sime Licenssd Compagy & Vip SVWR  CVaAg oosg
1 9T YOLY 20 TN SBeETHY . )
2 &T DORS 1899 TN  0082H4T 53077

RAKE ADJUSTMENTS Ne Brake inpeciion Raquired For Lewgt 2-Wslk-Around,

mm:mmmmm
=z Mia: No HM Trisraporiatd.

pocial Chacke: Post Crash

echanic Cerify Ted

ignature OF Repalner X: : — Facilty:

aniar Veriy Teod
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Appendix B — Drawing of Volvo Front Suspension Systetn

ot D e s
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Source: Volvo Engineering Drawing 8080317 provided to ODI on May 20, 2003
in respense in QDI Information Request. ODI has edited the sketch for this
report,
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Appendix C -

Photograph of Representative Volvo Front Suspension Retention System
Passenper side of vehicle viewed Ernm g'nnt of vehicle

-

I!

Relerence
Position # 7

Reference
Posiliog,_ = &
* Y TN
Fromt Axle Suspension
Mounting Pad

Relerence
Pogitign & 5

}r Frum o w.-hu..!r.-
Mg 2 AT o | TR
Soun:e DDI phatugl‘aph of tl:le pmenger slde ﬁ'ont suspe.nmun system of Volvo VIN
AVANCOJHSINI1799% on April 30, 2003 taken at the Ryder facility in Albuquerque, NM.
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